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ENHANCEMENTS OF He®/He® RATIOS FROM INJECTION BY COULOMBIAN
RELAXATION
J. Pérez-Peraza and R. Lara A.

Instituto de Astronomia, U.N.A.M.
México 20, D.F., MEXICO

Based in a very simple phy31cal figure it is proposed
a new approach to the problem of He’ ®-rich events that leads
in a natural way to a quantitative evaluation of the expected
abundances. The enhancements of He® over He“ are determined
by Coulombian Relaxation of relatively cold particles into
a hotter region.

Introduction

It is shown (Pérez-Peraza and Lara, these proceedings) that alternatively
to other possible effects of particle selectivity, prior to the acceleration,

during acceleration of during propagation, the effect of Coulombian energy
losses during acceleration may also impose different effects of selectivity on
the acrcelerated particles, allowing for a great variety of enhancements or
depressions of some nuclear species over others, depending on the physical
conditions of the source, such as the degree of ionization, temperature and
density. However, Coulombian losses do not allow for depressions of He® in
relation to He®, reason why we believe that the observed enhancements in solar
particles are generally determined prior to the acceleration process, during an
injection stage where particles are

relaxed from relatively cold temperatures

to higher temperatures. This may occur Fﬁgure |

for instance, when owing to some kind of Nectionby coulormbian
mass motions a relatively cold material 2 Relaxation

enters into a hotter region where the 10F Tooxict 'k — T=10

acceleration process takes place (perhaps
by the induced turbulence), or, when
particles that were previously accelerated
to relatively low energies are trapped in
a hot acceleration region, where the
thermal energy is higher than the energy
of the arriving particles.
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The effect of Coulombian interactions
on particles of energy lower than the
thermal energy of the target medium, is to
heat the particles until they relax to the
thermal energy of that medium, whereas at
higher energies the effect is the deceler-
ation until thermalization to the local
energy. In the former case the rate of =
Coulombian relaxation has been given by 10
Kihara and Aono (1963), which in the case
of a fully ionized medium of Hydrogen may
by rewritten as,
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for the contribution of the target electrons, and
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for the contribution of the target protons, where Figure 2
f is the velocity of particles, N the density 1cf:
and T the temperature of the medium where the _ .
relaxation takes place. Adding both 'l"UectIOﬁ by N 108

. . L . H crr’®
contributions we obtain for the total _CCNJKDf |

relaxation rate, the following expression
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where a_ is the relaxation efficiency which
dependstasically on the charge and mass

in the form Q?/A® although it also contains
other weaker dependence on the charge and
mass. The characteristic time of the
relaxation process is given thus as

%~ 1/a_ . E4. (3) may be rewritten

in terms of kinetic energy as

e pea Va i 10 10°
aE=Xp (1-KE) © %2'5 ( )5 kinetic Energy (€Wn)
where K= 7.2x 10" *Afuc®*T with 4¢c®=931.48 X10° eV.

Figure 3
Therefore, it can be seen from egs. (1) to (4) that the He? g

He® relaxes faster than He" to the thermal energy of F Injection by 1;P\\
the hot region, where presumptively takes place the - coulormbian

. Relaxation
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acceleration process. We have illustrated in Figures E .

1 to 3 some examples of the relaxation rates, where the r Ezgi? 8
arrows indicate the initial energy of particles, and L Tl

the end of the curves their final energy after relaxationm.
The most typical sequence of relaxation rates are
illustrated in Fig. 1; in the case of very low or very
high densities a relaxation rate lower than that of some
heavy nuclei is expected as is shown in Fig. 2, or, very
low relaxation rates of He® and He® in a high density
medium, as is illustrated in Fig. 3, in which case a high
ratio of proton-to-alpha is expected. As we will explain
in the next section, the differences in the sequence of
the rates for relaxation under different source conditions
is mainly due te the effect of the temperature through

the local charge states (Table 1), reason why the He® and

de /dt (eV/n-s}

. I He
He® keep always the same sequence in their relaxation rates, L N
However, as we discussed before in paper SP 1-4, E Vo
: . : 77\
we do not expect in general, a strong effect of particle r / \m
selectivity on heavy nuclei from this injection stage 10°L /

of Coulombian relaxation, since energy losses during the

o i
acceleration process tend tc impose severe discriminating L |
effects among them. I

10" 100
KINETIC ENERGY (eV/n)

The charges of the concerned ions in eq. (4) have been normalized to the
initial local charge states according to the following expression

A= (2-Qu /(Z-Qu- Zob" )IZ™ 4t (2-@-Q )Y/ (2-Ge-2eh™)] O

The Charge State of Particles
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For Q.<Q=7, when Z is the nuclear charge, Q. are the local charge states

that we have displayed in Table 1 for temperatures lower and higher than

1.65% 10°°K where the neutral and fully ionized hydrogen prevail respectively;
7¥= 7 [1-exp (-129 B/z°"%®)] 1is the semi-empirical formula (Barkas, 1963)

for the description of the charge behavior according to the velocity of
particles (which fits quite correctly the predictions of a Bohr-type theory of
charge interchange) and Z is the evaluation of 2% in the thermal velocity of
particles. In this form, particles increase their charge according to their
velocity from an initial value QL to a value that is limited by the nuclear
charge when they reach very high“velocities (a very hot region).

TABIE 1
(QL), LOCAL CHARGE STATES (Neutral Target Model)

! ' T
i ST 0 G He®,He® C , N .0 Fe
5.0%10%] 1.0%10"7] 1.0x10"%| 1.14x10"% 1.0x10"%] 1.0x107%|1.77x10""

| |

6.3x10%; 1.0x107°" 1.0x107°] 1.99%107* 3.38x10"7 1.23x107°| 2.37x10"*
8.0 10° 0.133 1.0x10-%| 1.73x10" % 8.5 x10‘5] 3.16x10”"° 0.4
1.0x10%|  0.110 | 1.0x107%] 0.346 7.07x107°| 2.57x10°%| 0.676
1.25><10"; 0.486  1.0x10°° 0.891 0.194 0.467 0.958
1.6 x10%|  0.649 | 0.0027 0.977 0.794 0.9 1.038 )

(QL), LOCAL CHARGE STATES (Ionized Hydrogen Target Model)

! T(°K) H,H?,H> He®,He" C N 0 Fe
©2.0x10%| 0.805 0.003 1.0027 0.955 1.0 1.45
| 4.0X10%| 0.9992 Dl 0.993 1.116 1.116 2.44
8.0x10%| 0.9999 T2 1.99 1.91 1.9 3.45
1 1.0x10%° | 0.99997 1.96 2.54 2.11 2.09 4.34 |
‘ '
1.0x10° 1.0 2.0 4.7 5.14 6.07 8.12 :
1.0x 107 1.0 2.0 5.999 6.99 '7.99 16.14 \
1.0x 10° Ll 1.0 6.0 7.0 8.0 25 |
C.JORDAN, MON, NOT. R. AST. Soc. 142,501,1969; IRID,148,17,1970
L.L.HOUSE,AP.J.SUPPL. 8,307,1964
D.P.COX, AND W.H.TUCKER, AP J,157,1157,1969
M.LANDINI AND B.C.MONSIGNORI FOSSI,ASTRON. ASTROPHY. SUPPL.7,291,1972.

The Enhancements of He® over He®

Now, let us discuss how this faster rate of Coulombian relaxation of He?®
over He“ may be translated in enhancements of He® over He“: since autodegradation
of turbulence does not allow for an effective acceleration of fast particles
(Eischler, 1979) we assume that acceleration initiates from thermal energies,
and, as discussed in ‘-paper SP 1-4 (Pérez-Peraza and Lara, these proceedings)
as far as the light elements are concerned, the acceleration process picks up
generally the high energy tails of the particle thermal distribution, such that
the enhancement is determined during the lapse of time between the relaxation of
both species, since the relaxation time of He® is shorter than that of He“;
therefore, if the Coulombian relaxation rate is introduced into an age distribution
and converted into energy distribution, the following expressicn is obtained
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such that by integration up to the energy of particles in the acceleration region,
it is obtained the total number of relaxed particles of a given kind

- _ 1= KE het 1% (7)
J= No 1 5 1=KE(oud )
with E, =3/2 (k T ) and E =3/2 (k T ). Therefore we have for the ratio

Hes/Het“In a time %2tfor whiCh the e’ iscg}geady fully relaxed, whereas He“ is
not, the following expression B3

.}_%‘\:He;):/\fﬁs L.q.\l—kaEBwﬂ 64!(3" f;n |- ka Eq CE3)
JaHe* ) Noa I- K5 Es hot i—kaEa cotd (8)

where &;=1/as and Z.=1/a, are the characteristic times for relaxation of He’
and He" respectively, Ks; and K, were defined in eq. (4). (Nos/No,)=10"% is
the ratio of the local abundances of these nuclei in the solar atmosphere and

L ~{ Espot OIEE

Eacts )= liq<}_ Fk;&wk‘d!mb ]qu_quouQﬂ) (23

is the energy reached for the He“ particles by the time’when the He® has been
completely relaxed. It must be appreciated from eq. (8) that the ratic Js/J.
becomes independent of the medium density.

Results and Discussion

As an illustration of this injection process we give here below a random
example, according to eq. (8) '

Tcold(oK} Thot(oK) (Ja/Ja)/(Nos/NOa) HES/HEA
2 X10% 4 X10° 2.3x10° 0.23
5 X 10" 1.5x 10" 155
6 x10" 1.2x10° 12

Therefore, we have presented an example of how the ratio He®/He® may be
injected into the acceleration process with relative abundances in the order
of 0.2 to 10. We feel that although this seems a very simple physical figure,
however since active regions in the solar atmosphere show frequent mass motions
and high inhomogeneity from the point of view of temperature, this kind of
processes may be often associated with the observed enhancements.

References

Barkas, W.H., 1963, Nuclear Research Emulsions, 1, 371 (See also Pierce, T.E.
and Blann, M., 1968, Phys. Rev. 173, 390)

Eischler, D., 1979, Ap. J. 229, 409.

Kihara, T. and Aono, 0., 1963, J. of the Phys. Soc. of Japan 18, 837.



	ICRC-KIOTOP2
	ICRC-KIOTOP21
	ICRC-KIOTOP22
	ICRC-KIOTOP23

